Abstract-Both the anabolic androgen 17␤-trenbolone (TRB) and the aromatase inhibitor fadrozole (FAD) can cause decreased plasma concentrations of estrogen (E2) and reduce fecundity of fish. However, the underlying mechanisms and the molecular pathways involved are largely unknown. The present study was designed to assess time-dependent effects of FAD and TRB on the transcriptional responses of the hypothalamic-pituitary-gonadal (HPG) axis of Japanese medaka (Oryzias latipes). Fourteen-weekold Japanese medaka were exposed to 50 g FAD/L or 2 g TRB/L in a 7-d static renewal test, and the expression profiles of 36 HPG axis genes were measured by means of a medaka HPG real-time reverse-transcription polymerase chain reaction array after 8 h, 32 h, or 7 d of exposure. Exposure to TRB or FAD caused lesser fecundity of Japanese medaka and down-regulated transcription of vitellogenin and choriogenin (CHG) gene expression in the liver of females. Exposure to FAD for 8 h resulted in an 8-fold and 71-fold down-regulation of expression of estrogen receptor ␣ and choriogenin L (CHG L), respectively, in female liver. 17␤-Trenbolone caused similar down-regulation of these genes, but the effects were not observed until 32 h of exposure. These results support the hypothesis that FAD reduces plasma E2 more quickly by inhibiting aromatase enzyme activity than does TRB, which inhibits the production of the E2 precursor testosterone. Exposure to FAD and TRB resulted in rapid (after 8 h) down-regulation of luteinizing hormone receptor and low-density-lipoprotein receptor in the testis to compensate for excessive androgen levels. Overall, the molecular responses observed in the present study differentiate the mechanisms of the reduced fecundity by TRB and FAD.
INTRODUCTION
Over the past decade, molecular biomarkers have been successfully applied in the screening and testing of endocrinedisrupting chemicals (EDCs) in fish [1] . While molecular biomarkers have the potential to aid in the elucidation of causative modes of action and may in some cases allow predicting possible adverse effects of chemicals at higher organizational levels, to date this potential has not been realized [2, 3] . It is still difficult to relate changes in expression of single genes to population-level fitness. One example of a successful biomarker has been the yolk protein precursor vitellogenin (VTG), which has been shown to rapidly respond in fish exposed to estrogens and antiestrogens in both field and laboratory studies [1] . Recent studies have demonstrated that changes in VTG caused by several model chemicals can be quantitatively translated into adverse health effects at the apical and population level in fathead minnow (Pimephales promelas) [4, 5] . Measurement of the VTG in plasma using immunology-based detection methods has been applied in various fish species [6] . Measurements of VTG mRNA transcripts using real-time polymerase chain reaction (PCR) methods have been demonstrated to be advantageous over protein determination because of the rapid induction of the gene (early warning) and less susceptibility to cleavage [1] . Additional molecular biomarkers that have been shown to serve as useful indicators for the interaction of EDCs with the teleost hypothalamic-pituitary-gonadal (HPG) axis include nuclear hormone receptors [7] , steroidogenic enzymes (e.g., aromatase) [8] , and gonadotropins (follicle-stimulating hormone and luteinizing hormone) [9] . These studies have demonstrated that molecular responses, specifically gene profiling, of one or two functional-relevant biomarkers, can facilitate a better understanding of the mechanisms of estrogenic disruption in fish. However, chemicals can cause similar responses of biomarkers at certain target organs by acting through different mechanisms. For example, both the specific inhibitor of aromatase fadrozole (FAD) and the androgen receptor agonist 17␤-trenbolone (TRB) inhibit hepatic estrogen receptor (ER) and VTG transcripts and consequently impair fecundity in fathead minnow [10, 11] and Japanese medaka (Oryzias latipes) [12] . To better understand these types of interactions, more comprehensive and integrated molecular approaches are needed to evaluate potential EDCs with unknown mechanisms.
Recently, Villeneuve et al. [13] summarized the current understanding of the reproduction-related molecular pathways within the teleost HPG axis. Using the Japanese medaka as a small fish model, we have developed and validated a reliable, sensitive, and flexible real-time PCR array to systematically study chemical-induced effects at multiple endocrine pathways in brain, gonad, and liver [12] . Thirty-six genes have been selected from the four modules representing gonadotropin synthesis and release in the hypothalamus and pituitary, cholesterol transport, steroidogenesis in the gonads, and production of egg precursors in the liver [12] . Through systematic monitoring of key genes along the HPG axis in fish exposed to the EDC of concern, it is anticipated that a better understanding of chemical-induced mechanisms of actions can be achieved that ultimately will aid in improving chemical risk assessment.
In the present study, we used FAD and TRB as model compounds to investigate different modes of action resulting in the same net effect. Because of the direct inhibitory effect of estrogen production by FAD, we hypothesized that FAD exposure would elicit responses more rapidly on gonadal steroidogenesis-related genes and hepatic estrogen-responsive genes than would TRB. Time-dependent transcriptional responses of key genes along the HPG axis were examined after exposure to FAD and TRB using the medaka HPG real-time PCR array [12] .
MATERIALS AND METHODS

Compounds and reagents
Fadrozole was provided by Novartis, (Summit, NJ, USA). 17␤-Trenbo1one and dimethyl sulfoxide was obtained from Sigma (St. Louis, MO, USA).
Animals
Male and female wild-type Japanese medaka (O. latipes) used in the present study originated from the aquatic culture unit at the U.S. Environmental Protection Agency Mid-Continent Ecology Division (Duluth, MN). The fish were maintained in flow-through tanks under conditions that facilitated breeding (23-24ЊC; 16:8-h light:dark cycle) in accordance with protocols approved by the Michigan State University Institutional Animal Care and Use Committee.
Chemical exposure
Chemical exposure was carried out by a static renewable system as previously described [12] . Briefly, studies were conducted in 10-L tanks filled with 6 L of carbon-filtered water. Each day during the exposure, half the water in each tank (3 L) was replaced with fresh carbon-filtered water containing the appropriate amount of chemical or solvent. Each tank contained five male and five female 14-week-old medaka as determined by secondary sexual characteristics of the fins. The sex of medaka was eventually determined by the gonad type at the end of exposure. Each treatment had two replicate tanks that were sampled at each time point. After the acclimation period, medaka were exposed to one of three treatments: vehicle control (dimethyl sulfoxide with a final concentration of 1:10,000 v/v water), 50 g FAD/L, or 2 g TRB/L. Concentrations of the chemicals were selected on the basis of the results of previous studies [12; Tompsett et al., Michigan State University, East Lansing, MI, USA] so that the selected concentrations would inhibit fecundity of medaka without causing mortality. Exposures started at midnight (12:30 AM) of the first day. Eggs produced during the previous 24-h period were counted and recorded before the replacement of water. No mortality of adult medaka was observed in any treatment. The three sampling times were 8:30 AM of the fist day (8 h), day 2 (32 h), and day 7 (152 h) of exposure. When sampling, fish were euthanized in Tricaine S solution (Western Chemical, Ferndale, WA, USA), and total weight and snout-vent length were recorded for each fish. For gene expression analysis, four to six males and females were randomly sampled from the two replicate tanks of each treatment. Tissues from brain, liver, and gonads were collected and preserved in RNAlater storage solution (Sigma) at Ϫ20ЊC until analysis.
Total RNA isolation and reverse-transcription PCR
Total RNA was extracted from individual tissues, and firststrand cDNA was separately made for further quantification of transcripts [12] . Total RNA was extracted by use of the Agilent Total RNA Isolation Mini Kit (Agilent Technologies, Palo Alto, CA, USA) according to the manufacturer's protocol. Purified RNA was stored at Ϫ80ЊC until analysis. First-strand cDNA synthesis was performed using Superscript III firststrand synthesis supermix and oligo-dT primers (Invitrogen, Carlsbad, CA, USA). Briefly, a 0.5-to 2-g aliquot of total RNA was combined with 1 l of 50 M of Oligo(dT) 20 , 1 l of annealing buffer, and RNase-free water to a final volume of 8 l. Mixes were denatured at 65ЊC for 5 min and then quickly cooled on ice for 2 min. Reverse transcription was performed after adding 10 l 2ϫ first-stand reaction mix and 2 l Superscript III/RNaseOUT enzyme mix. Reactions were incubated at 50ЊC for 50 min and, on completion, were inactivated at 85ЊC for 5 min. The RNA was digested by adding 1.25 l RNase H (Invitrogen) and then incubated at 37ЊC for 30 min; cDNA was stored at Ϫ20ЊC until further analysis.
Real-time PCR array measurement
Gene expression in brain, liver, and gonad was quantified by use of the medaka HPG axis PCR array described previously (Table S1 ; http://dx.doi.org/10.1897/08-082.S1) [12] . Briefly, real-time quantitative PCR was performed by using a 384-well Applied Biosystems 7900 high-throughput real-time PCR System (Applied Biosystems, Foster City, CA, USA). Polymerase chain reaction mixtures sufficient for 100 reactions contained 500 l of SYBR Green master mix (Applied Biosystems), 2 l of 10 M sense/anti-sense gene-specific primers, and 380 l of nuclease-free distilled water (Invitrogen). A final reaction volume of 10 l was made up with 2 l of diluted cDNA and 8 l of PCR reaction mixtures using a Biomek automation system (Beckman Coulter, Fullerton, CA, USA). Expression of target genes was quantified by use of the comparative cycle threshold method according to methods reported elsewhere [14] . The average comparative cycle threshold value of the three reference genes (␤-actin, ribosomal protein L7 , and 16s) was used as reference for the expression calculation of target genes.
Statistical analysis
Statistical analyses were conducted using the R project language (http://www.r-project.org). Analysis of fecundity data was using analysis of variance model, in which the effects of time (day), chemical (TRB or FAD), and their interaction on the daily recorded egg production were examined. Prior to conducting statistical comparisons of gene expression, the assumption of normality of distributions of data was evaluated by the Shapiro-Wilks test. If necessary, data were log transformed to approximate the normal probability function. Differences in magnitudes of expression among genes were evaluated by use of analysis of variance followed by pairwise t test. Differences with p Ͻ 0.05 were considered to be statis-
X. Zhang et al. tically significant. The Japanese medaka HPG transcriptional model was constructed and visualized using GenMAPP 2.1 [15] .
RESULTS
Chemical-induced effects on medaka fecundity
Exposures to TRB or to FAD reduced the egg production of Japanese medaka in a time-dependent manner. No differences were found among daily production of eggs in the control group during the exposure. However, fewer eggs were produced after exposure to 2 g TRB/L or 50 g FAD/L for three or more days (Fig. 1) . Effects on fecundity were time dependent, and there was a statistically significant interaction between the main classification variables of chemical and time ( p Ͻ 0.001) for both FAD and TRB.
Gene expression profiles of FAD exposure
Exposure to 50 g FAD/L caused time-dependent changes in expression of some of the genes studied. Exposure to FAD down-regulated expression of yolk precursor and egg envelop precursor genes, including VTG I, VTG II, choriogenin H (CHG H), choriogenin HM (CHG HM), and choriogenin L (CHG L) in liver of both sexes (Table 1 and Fig. S1 ; http:// dx.doi.org/10.1897/08-082.S2). Expression of ER-␣ was the only steroid receptor in liver of females that was significantly affected by FAD. Expression of both ER-␣ and CHG L were significantly down-regulated in the liver of females exposed to FAD relative to that of unexposed females after 8 h. While the down-regulation of the expression of most genes in the liver of females was like that of CHG H/HM, VTG changed only slightly as a function of time, while for some genes, such as ER-␣, there were no changes in effects as a function of time. In the case of CHG L, down-regulation of gene expression was greatest after 8 h, with the magnitude of the effect becoming less as a function of exposure duration. Annexin max2 was 3.3-fold greater than that of the control after 32 h. Down-regulation of gene expression of genes in the liver occurred earlier in females than in males. Estrogen receptor alpha in liver of males was not affected after 8 h. The effect of FAD on VTG I in liver of males was greater than that in females, while the effect on VTG II was less than that in females.
Changes in gene expression in the gonads of male and female medaka exposed to FAD were generally less responsive than those observed in the liver. Exposure to FAD for 8 h caused no statistically significant alteration in expression of any of the genes analyzed in ovary. However, high-densitylipoprotein receptor (HDLR), cytochrome P450c21 steroid 21-hydroxylase (CYP21), cytochrome P450 11B (CYP11B), and the activins were down-regulated, and cytochrome P450 19A (CYP19A) was up-regulated in ovaries after 32 h of exposure. After 7 d of exposure to FAD, ovarian cytochrome P450 3A (CYP3A), HDLR, and activin BB were significantly downregulated, while CYP19A was up-regulated fourfold ( p Ͻ 0.068). Effects of FAD on the testis were broader and more evident than those observed in ovaries. Low density lipoprotein receptor (LDLR) and luteinizing hormone receptor (LHR) were significantly down-regulated in testis after 8 h. After 32 h, CYP21 and activin BA were significantly down-regulated. Genes that were up-regulated after 32 h of exposure included the testicular hormone receptors ER-␣, ER-␤, androgen receptor ␣ (AR-␣), follicle stimulating hormone receptor (FSHR), steroidogenic genes, including hydroxymethylglutaryl CoA reductase (HMGR), steroidogenic acute regulatory protein (StAR), cytochrome P450 17A1 (CYP17), CYP11B, and 3␤-hydroxysteroid dehydrogenase (3␤-HSD), HDLR, and inhibin A. After 7 d, StAR and CYP11B were the two genes for which significant up-regulation in expression occurred in the testis. Table S1 (http://dx.doi.org/10.1897/08-082.S1). Animal replicate (n ϭ 4-6). * p Ͻ 0.05; ** p Ͻ 0.01; *** p Ͻ 0.001.
Exposure to 50 g FAD/L caused a time-dependent downregulation in expression of cytochrome P450 19B (CYP19B) in brains of both males and females. The other gene for which expression was significantly altered in the female brain was glycoprotein hormone alpha chain (GTHa) with a 3.84-fold up-regulation after 7 d. Estrogen receptor beta was the only other gene that was significantly affected in male brain (2.3-fold up-regulation). This effect, however, occurred only after 32 h of exposure to FAD.
Time course of HPG gene expression profiles: TRB
17␤-Trenbolone affected genes in the liver and gonad of both male and female medaka. 17␤-Trenbolone down-regulated expression of genes coding for yolk precursor and egg envelope in liver of both male and female medaka in a timedependent fashion (Table 2 and Fig. 2) . However, down-regulation in TRB exposure occurred only after 32 h. After 8 h, VTG I in females and ER-␣ in males were slightly up-regulated in liver. In ovary, significant up-regulation after 8 h was observed for the receptors (ER-␣, FSHR, and LDLR), some steroidogenic enzymes (3␤-HSD, CYP19A), and inhibin ␣. In contrast, after 32 h, down-regulation was observed for ovarian expression of AR-␣, desmolase (20,22 desmolase) (CYP11A), CYP17, HDLR, StAR, and activin BB. After 7 d, CYP3A, HDLR, and activin BB were significantly down-regulated in liver of TRB-exposed females. In testis, LHR, LDLR, and HMGR were down-regulated by TRB after 8 h, while the upregulated genes at 32 h included ER-␣, HDLR, and inhibin-␣.
Some genes were affected by TRB exposure in the brain of both male and female medaka. 17␤-Trenbolone caused timedependent down-regulation of CYP19B transcripts in brain of females but not males. 17␤-Trenbolone also down-regulated female ER-␤ at 8 h and gonadotropin-releasing hormone (GnRH) receptor I and GnRH receptor III at 7 d. GnRH receptor II was down-regulated in male brain at 7 d, but medakatype gonadotropin-releasing hormone (mfGnRH) and GnRH X. Zhang et al. Table 2 . Transcriptional response profiles of hypothalamic-pituitary-gonadal axis pathways in medaka fish exposed to 2.0 g 17␤trenbolone/L.
Gene expression was expressed as the fold change comparing to the corresponding solvent controls a Table S1 (http://dx.doi.org/10.1897/08-082.S1). Animal replicate (n ϭ 4-6). * p Ͻ 0.05; ** p Ͻ 0.01; *** p Ͻ 0.001.
receptor III were down-regulated at 8 h and 32 h, respectively, though to a lesser extent.
DISCUSSION
Fadrozole exposure
Fadrozole is a potent aromatase inhibitor that has been shown to suppress production of estrogen (17␤-estradiol) in different in vitro and in vivo systems including the human H295R cell line and gonad tissues of different fish [8, 10, 16] . The decreased E2 production caused by exposure to FAD is due to its repetitive inhibition of aromatase enzyme activity, which catalyzes the conversion of C19 androgens to C18 estrogens such as E2. In a study with adult fathead minnow that were exposed to increasing concentrations of FAD between 2 and 50 g/L in a short-term (21-d) study, a concentrationdependent reduction in fecundity was observed [10] . Similarly, exposure to 50 g FAD/L significantly reduced fecundity in Japanese medaka. In accordance with the reduced egg production, time-dependent down-regulation of egg precursor genes including VTGs and CHGs was observed in liver of FAD exposed females ( Fig. S1 ; http://dx.doi.org/10.1897/ 08-082.S2). Prior to the decrease of VTG I/II and CHG H/HM, FAD exposure first down-regulated the expression of ER-␣ in liver of females after 8 h. These results not only confirm the primary role of ER-␣ in the transcriptional regulation of egg precursor in Japanese medaka [12] but also suggest that exposure to 50 g FAD/L could decrease the endogenous E2 concentration as early as within 8 h. Furthermore, males and females display different patterns of gene expression in the exposure to FAD. Down-regulation of ER-␣ and egg precursor genes in males was slower than in females to a FAD-caused decrease of E2 concentration, which is consistent to the key function of E2 in female reproduction. In FAD-exposed females, expression of CHG L decreased earlier than VTGs. Conversely, CHG HM in liver of male medaka responded more rapidly than the other VTG and CHG genes. These results suggest that the regulatory mechanisms of VTGs and CHGs were different in male and female medaka. Fig. 2 . Striped view of time-dependent response profile in female Japanese medaka exposed to 2.0 g 17␤-trenbolone (TRB)/L using GenMAPP 2.1. The legend listed in the upper-right corner of the graph describes the order of the three sampling time points and the eight colors designating different fold thresholds. LH ϭ luteinizing hormone; FSH ϭ follicle-stimulating hormone; E2 ϭ 17␤-estradiol; T ϭ testosterone; HDL ϭ highdensity lipoproteins; LDL ϭ low-density lipoproteins.
Ovary response of gene expression compensates for the inhibitory effect of FAD on E2 production in Japanese medaka. The up-regulation of CYP19A transcription is apparently a compensatory response to cope with reduced E2 synthesis. Because FAD inhibits the conversion of C19 androgens to C18 E2, it may result in excess production of androgen, which is confirmed by the down-regulation of ovarian HDLR and CYP11B transcripts in FAD-exposed Japanese medaka at 32 h. Cytochrome P450 11B mRNA encodes for the key enzyme involved in synthesis of 11␤-hydro-testosterone, the direct precursor of the active nonaromatizable teleost androgen 11-ketotestosterone. High-density lipoprotein receptor is one of the key transport proteins for cholesterol and precursor for all steroids. If the down-regulated transcription of HDLR and CYP11B in ovary by FAD leads to a correspondingly less production of functional proteins, the final concentration of 11-ketotestosterone would be expected to be less. Gonadal transcriptional responses also explain the other adverse effects observed in FAD-exposed fish. For example, transcription of CYP11B and the cholesterol-transferring protein StAR were up-regulated at 7 d, which could potentially lead to the increased production of 11-ketotestosterone and/or testosterone. If the testicular response to FAD is similar between the Japanese medaka and fathead minnow, this result explains the observed increase of plasma testosterone and 11-ketotestosterone concentrations and marked accumulation of sperm in the testes of FAD-exposed fathead minnow [10] . In female, the down-regulation of ovarian activin BA and activin BB might be connected to the retarded oocyte maturation observed in FAD-exposed Japanese medaka [12] . Activins are dimeric proteins consisting of two inhibin ␤ subunits, BA and BB, and the three forms of activins, activin-A, -B and -AB, are produced by homo-and heterodimerization of the two inhibin ␤ subunits. In vertebrates, activins have been identified as important regulators of the reproductive axis [17] . In fish, the activin system has also been indicated to be involved in gonadotropin-regulated ovarian functions, such as oocyte maturation. Specifically, it has been suggested that activin-A mediates gonadotropin-induced oocyte maturation in zebrafish [17] . Our present results support the hypothesis that the retarded oocyte maturation by FAD exposure could be related to the inhibition of activin gene expression.
Brain response is also consistent with the inhibitory effect of E2 production by FAD. Fadrozole exposure reduced the expression of brain aromatase (CYP19B) transcript in both males and females. Cytochrome P450 19B mRNA reduction has also been observed in FAD-treated fathead minnow [8] . Different from CYP19A, teleost brain CYP19B is regulated by an estrogen-responsive element [18] . Therefore, FAD exposure reduces the local E2 concentration in brain by both inhibiting brain aromatase activity and causing less circulating E2 due to inhibited ovarian aromatase activity.
TRB exposure
17␤-Trenbolone is the primary metabolite of trenbolone acetate, which is used to promote growth in cattle. 17␤-Trenbolone has been characterized as a potent androgen in both in vitro and in vivo studies with mammals and fish [11] . Although TRB has different biochemical properties from FAD, it induced similar responses in Japanese medaka, such as less fecundity and down-regulation of egg precursor genes in liver. These observations can be explained by decreased endogenous E2 production by TRB exposure. Reduced plasma steroid (testosterone and E2) and VTG concentrations have been observed in females of TRB-treated fathead minnow [11] . It has been postulated that exposure to exogenous androgen such as TRB leads to the compensatory response of decreased endogenous androgen (testosterone and 11-ketotestosterone) production and, in turn, the decreased E2 production since E2 is converted from T by CYP19 aromatase in vertebrates [19] . Similar to FAD, TRB eventually elicits less E2 level and greater concentration of functional androgen. In TRB-exposed females, the less E2 not only resulted in the down-regulation of brain aromatase (CYP19B) mRNA and ovarian activin BB mRNA but also elicited compensatory responses, including greater ovarian CYP19A and less CYP3A mRNA, while testicular LHR, LDLR, and HMGR were down-regulated at 8 h to compensate androgenic TRB exposure by slowing down steroidogenesis.
However, TRB-treated Japanese medaka also displayed gene expression patterns different from what were observed during FAD exposure, which can be explained by the different dynamic change of E2 level in FAD-or TRB-exposed fish (Fig. 2) . Because of the direct inhibition of aromatase by FAD, we hypothesize that FAD-induced estrogen reduction can be more rapid than that of TRB, which indirectly represses estrogen production by inhibiting its precursor testosterone. This subtle difference between the two chemicals can be observed in the time-dependent gene expression changes in Japanese medaka. For example, TRB exposure decreased expression of ER-␣, VTG, and CHG transcripts in liver of females after 32 h instead of 8 h, as in the case of FAD. Nevertheless, significant increases of ER-␣ in males and VTG I mRNA in females were observed in TRB treatment at 8 h. This leads to the hypothesis that TRB exposure might initially cause a temporary increase in the availability of aromatizable androgen, which in turn leads a slight increase of E2 production. The temporary E2 production by TRB exposure up-regulated the expression of ovarian ER-␣, FSHR, LHR, and inhibin A mRNA at 8 h. Cytochrome P450 19B transcripts in the brain are highly sensitive in response to estrogen exposure [20] . However, CYP19B did not respond to TRB exposure in the brains of males but was down-regulated by FAD, which suggests that the tempered decrease of estrogen by TRB exposure might not affect the endogenous E2 level in the brain. On the other hand, TRB exposure might cause an androgen surge more rapidly than that of FAD. A compensatory response to the exposure of androgenic TRB could be found in the reduction of gonadal CYP17, the key enzyme synthesizing androstenedione, the direct precursor of testosterone. Decreased plasma concentrations of 11-ketotestosterone has been observed in TRB-exposed male fathead minnows after 21 d of exposure [11] . However, such alteration could not be seen in FAD-treated fish.
Overall, the present study examined the molecular responses in the medaka HPG axis to exposure of the anabolic androgen TRB and the aromatase inhibitor FAD. Fadrozole caused a more rapid reduction of hepatic estrogen-responsive pathways than did TRB, while exposure to FAD and TRB resulted in rapid (after 8 h) down-regulation of LHR and LDLR in the testis to compensate for excessive androgen levels. The time-dependent molecular responses by FAD and TRB developed in the present study not only help elucidate the mechanism of the reduced fecundity but also present unique signatures for the two model chemicals. Overall, the results from the present study demonstrated the utility of the systematic approach of HPG axis real-time PCR array in the testing of potential EDCs using Japanese medaka. Table S1 . Gene list of the medaka HPG PCR array system and the corresponding primer sequences.
SUPPORTING INFORMATION
Found at DOI: 10.1897/08-082.S1 (25 KB XLS). Figure S1 . Striped view of time-dependent response profile in female Japanese medaka exposed to 50 g FAD/L. The legend listed in the upper right corner of the graph describes the order of the three sampling time points and the eight colors designating different fold thresholds. LH ϭ luteinizing hormone; FSH ϭ follicle-stimulating hormone; E2 ϭ 17␤-estradiol; T ϭ testosterone; HDL ϭ high-density lipoproteins; LDL ϭ low-density lipoproteins.
Found at DOI: 10.1897/08-082.S2 (201 KB PDF).
